US011957422B2

a2 United States Patent (10) Patent No.: US 11,957,422 B2

Tschudy et al. 45) Date of Patent: Apr. 16, 2024
(54) SURGICAL INSTRUMENTS FOR USE IN 6,817,974 B2  11/2004 Cooper et al.
ROBOTIC SURGICAL SYSTEMS AND 7,386,365 B2 6/2008 Nixon
METHODS RELATING TO THE SAME 7,699,835 B2 4/2010 Lee et al.
(Continued)

(71) Applicant: Covidien LP, Mansfield, MA (US)
FOREIGN PATENT DOCUMENTS

(72) Inventors: Christopher T. Tschudy, Arvada, CO

(US); Samuel W. Tobey, Erie, CO (US) EP 3104324 Al 12/2016
WO 2012124831 AT 9/2012
(73) Assignee: Covidien LP, Mansficld, MA (US) WO 2020055707 Al 3/2020
( *) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent 1s extended or adjusted under 35 | | o |
U.S.C. 154(b) by 794 days. International Search Report and Written Opinion issued 1n corre-
sponding International Application No. PCT/US2021/050462 dated
(21) Appl. No.: 17/071,916 Jan. 17, 2022, 15 pages.

(22) Filed: Oct. 15, 2020
Primary Examiner — Robert T Nguyen

(65) Prior Publication Data (74) Attorney, Agent, or Firm — Carter, DelLuca & Farrell
US 2022/0117679 Al Apr. 21, 2022 LLP
(51) Int. CL
A6IB 34/30 (2016.01) (57) ABSTRACT
B25J 9/04 (2006.01) . : .
B25J 9/16 (2006.01) A surgical system includes at least one input coupler con-
B25.J 15/00 (2006.01) figured to receive an 1nput, an end eflector assembly, and an
(52) U.S. Cl actuation assembly operably coupled between the at least
CPC AGIB 34/30 (2016.02); B25.J 9/042 one iput coupler and the end effector assembly such that, 1n

(2013.01); B25J 9/1692 (2013.01); B25J response receipt ol the input by the at least one input
15/0019 (2013.01) coupler, the end eflector assembly 1s manipulated. The

(58) Field of Classification Search system further includes a storage device storing setting

CPC . A61B 34/30; A61B 2090/0803; A61B 34/25; information and adjustment imnformation. The setting infor-
A61B 34/00; B25J 9/042: B25] 9/1692: mation enables determination of a first input to the at least

B257 15/0019 one input coupler to achieve a desired manipulation of the

See application file for complete search history. end eflector assembly. The adjustment information enables
adjustment of the setting information for determination of a

(56) References Cited second input, different from the first input, to the at least one

input coupler to achieve the desired manipulation of the end

U.S. PATENT DOCUMENTS .
cllector assembly.

5,752,973 A 5/1998 Kieturakis
5,792,135 A 8/1998 Madhani et al.
5,848,986 A 12/1998 Lundquist et al. 13 Claims, 12 Drawing Sheets




US 11,957,422 B2

Page 2
(56) References Cited 2003/0125734 Al 7/2003 Mollenauer
2003/0208186 Al  11/2003 Moreyra
U.S. PATENT DOCUMENTS 2006/0022015 A1 2/2006 Shelton et al.
2006/0025811 Al 2/2006 Shelton
7,799,028 B2  9/2010 Schechter et al. 2006/0161138 Al 7/2006 Orban et al.
7861906 B2  1/2011 Doll et al. 2007/0233052 Al 10/2007 Brock
7918230 B2  4/2011 Whitman et al. 2008/0015631 Al 1/2008 Iee et al.
452447 B2 52013 Nixon 2008/0134812 Al 6/2008 Murata
8.579.176 B2  11/2013 Smith et al. 2010/0274265 Al  10/2010 Wingardner et al.
8.761.930 B2  6/2014 Nixon 2010/0292691 Al  11/2010 Brogna
9,014,856 B2 4/2015 Manzo et al. 2011/0118707 Al 5/2011 Burbank
0055961 B2  6/2015 Manzo et al. 2011/0118708 Al 5/2011 Burbank et al.
0.085.083 B2  7/2015 Nixon 2011/0118709 Al  5/2011 Burbank
0.244.524 B2 1/2016 Inoue et al. 2011/0118754 Al 5/2011 Dachs, II et al.
9.317.651 B2 4/2016 Nixon 2013/0123783 Al 5/2013 Marczyk et al.
0408668 B2 82016 Durant et al. 2014/0276723 Al 9/2014 Parihar et al.
0.474.569 B2  10/2016 Manzo et al. 2017/0042560 A1 2/2017 Lee et al.
0623.563 B2  4/2017 Nixon 2017/0150975 Al 6/2017 Bozung
9,664,262 B2 5/9017 Donlon et al. 2017/0265951 Al 9/2017 Grover et al.
9,675,354 B2 6/2017 Weir et al. 2017/0273749 Al 9/2017 Grover et al.
9.687,311 B2 6/2017 Turner 2017/0365923 A1 12/2017 Schmutzler et al.
0872737 B2 1/2018 Nixon 2018/0028271 Al 2/2018 Rockrohr
9,913,694 B2 3/2018 Brisson 2018/0071037 Al 3/2018 Grover et al.
9,956,050 B2 5/2018 Overmyer et al. 2018/0116735 A1* 5/2018 Tieney .......cooeen.... G16H 40/63
9,968,412 B2  5/2018 Overmyer et al. 2019/0008600 Al 12019 Pedros et al.
10,033,308 B2  7/2018 Chaghajerdi et al. 2019/0099227 Al 4/2019 Rockrohr
10,149,727 B2 12/2018 Overmyer et al. 2019/0274769 Al 9/2019 Perdue et al.
10,155,316 B2  12/2018 Wakai et al. 2020/0237453 Al 72020 Anglese
10,194,992 B2  2/2019 Robinson 2020/0237455 Al 7/2020 Anglese
10.277.097 B2 4/2019 Weir et al. 2020/0246058 Al  8/2020 Traina
10327.773 B2 6/2019 Weir et al. 2020/0253676 Al 8/2020 Traina
10,483,881 B2  11/2019 Liao et al. 2020/0261166 Al 82020 Anglese
10,595,946 B2  3/2020 Nixon 2020/0261167 Al 82020 Anglese
10,731,740 B1  8/2020 Cui et al. 2020/0261168 Al 82020 Anglese
10,751,051 B2  8/2020 Weir et al. 2022/0313349 Al* 10/2022 Lath ................... AG1B 18/1442
10,765,432 B2 9/2020 Moore et al. 2023/0131999 Al1* 4/2023 Holbrook ............... A61B 34/20
10,765,486 B2  9/2020 Bajo et al. 606/206
10,765,487 B2~ 9/2020 Ho et al. 2023/0354228 Al* 11/2023 Kim .covoeeeee.... HO4W 56/0015
2002/0099371 Al 7/2002 Schulze et al.
2002/0177842 Al  11/2002 Weiss * cited by examiner



US 11,957,422 B2

Sheet 1 of 12

Apr. 16, 2024

U.S. Patent

R
M
L M M,

gd-.

W demomam oW

[
T L e kg

-y

-‘n

1\. -
] L M
h ¥
YOO
-.- -.
i -.
oo
ALY
r. r i
ul 4

ad

it W

"k
S
- -'+'-'_‘_|Fr:.-'|

-

T e o,
-
"u-‘“ .

v

VTR e A e,



US 11,957,422 B2

Sheet 2 of 12

Apr. 16, 2024

U.S. Patent

e«.n.___\\-/...m...ﬂ“. ,___”___ w.
4o Sl LN e
\\ non e, -a-.n\.r -y
\1 ; " .-._w W&Uk& t-..l ."._ bl o .lEn.rj...”.. .-IIJ Nm
LA ¥ BT o % 5 0
1 ' i ey o P .._.F "
1 h_ il CAL .._.. '3 i XY J.
A\\a !'uﬁ _ s it . ...: ]
. Rt gy s I .h... : m‘wu .mr.wu.
-~ ¥ A £ 1) R} - =’ o s 4 .
o i Wt 10 ,.,“ fi mr m..wm_ "..M.M)m .__.... : .w...“.w”u W ¥
o Ry S - . WG & 4 : .
/ TN, P i A i3 M L
e, Do e el 1} : v :
/zf [ b i .u.,.u 2728 i M.
. ._". .-___ ..m -— .._..-...r..l. i

Aty .II

'
[p——
hp Ty Sy ey

r
[ ]
[ ]
i-l
P
.-'-:mr_‘-
“‘-‘-‘ﬂ.‘“\._'..*-lﬂ.‘“

i
H
r

b, N M
7

_— —_ o A
W e A g gy em W

-
]

.'-'-'-'-'.% r

Jp m o mm o.m m o.m

3
- :L*.'il'-'-'-'-:.-

ke oo 4o o T
e mmam mm

- M
[ S
L

Rl it SR
r
+
. R
i i §
r

-l 1 \ -
1 B ]
1k 1 "
ATt B
i
i
i
L]
]

..‘;-‘ -
T e - apaA r‘




US 11,957,422 B2

Sheet 3 of 12

Apr. 16, 2024

U.S. Patent

'
i
f
._'.
._r
1_r
'y
“_
i
id
.i._ﬁ-. u.—
¥ i1
Ly, 1
n._.. i ! ir
. : £ oy i
o "m. -u.—.
'y ki
! ,H._
[

0o
p! 1
i 1
! L
it '
Ay o1
.-q.q -m
i) I
.-.‘ -"
¥ i
S
; ‘ x
it i 'y

; L i
N i b
' L o
i '
'y fa
“.. '
r; .-
n' .'-
..-_ ..rr
|_r
._r
Ly
i
id
ii
11
i
i
% ir
w”.. iy il
no

S ki

H
o
iv b i;
ii ". __".
s, ! ___.

] MY 1

it '

. 3
i
] i
k y
r-

.

I

i

i

1

1

’

[

L]

'

1
[ ]

% |
r— _
.___ :
.-;. __.
.1 L
i i
.-'—ll " ‘
- .
-
- .- -—.

r-'.. a4
-

'
G

[ R T

Hmomommoa

W

r“

N (il

T,



US 11,957,422 B2

Sheet 4 of 12

Apr. 16, 2024

U.S. Patent

e -
e Ry

-

! aF .
' & X ‘b
LSO ™
N ) o
Y ot
o

f
[

it

ey’ T - N
¥ o L L,
p p o
Py b b ol
]
N R S

-’s-;;_ﬁi__'.:- ”

Sra. T-

F.'.'.'.'.'.'.?.H':ll:

>

L S S T T i
e e e e e e e oy e e BT

1.-" P
) -
- - -
. ----------.--.--.--.-----..................\
R,
- - - [

— e W RS E W S T RS CESECWTECETECESTECCECECECECECWCWCECECE N OB OE O om o

.*:}-._._._.,.-,.-..-.--.-
1

q‘d:d--—a




US 11,957,422 B2

Sheet 5 of 12

Apr. 16, 2024

U.S. Patent

N,

*ﬁ.—. ....................... ?

H......:l..ﬂ o A A A O

S

Lo R

.ﬂr..lir.. .“*.. .-..H.........

ol el M el el el M el M el M el Ml b W el W el W el Ml Wl Ml el M el

b

, __-.v__-“u_”_-“u___-“u___-“v”_-“..____-“u___-“u_”_-“..____-“v__-“v”_-“..____-“u___-“u_”_-“..____-“v__-“u_”_-“u___-“u___-“v”_-“..____-“v__-“u_”_-“u___-“v__-“v”_-“u___-“u___-“u_”_-“u___-“v__-“u_”_-“u___-“u___-“v”_-“u___-“v__-“u_”!HH!HHHH-“HH!H“H

-

e

T T T T T T T T T T T T T - - I

O

i_,.!.
L

.‘l...l...l...l...-

e

M e N e e e e e e w e w e e e

ol e el el el M el M el M e M

L N T N L

ot

o
L PN
o ™,

N

.J._ ; AT AT AT T AT T AT AT AT T

]

b

R R

R e

VIR
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
[

o

- S
3

* o

o
.,
o,
A
»,
b
o
.,
E
b
»,
.,
o
.,
E
b
o,
b
o
»,
o,
b
o,
b
o
»,
o,
A
»,
b
o
.,
E
A
»,
.,
o
.,
E
b
»,
.,
o
»,
o,
b
o,
e

A
b

e i e

i
|
g
)
|
%
;
s
|
a
s
|
a
§
i
s
a
.



US 11,957,422 B2

Sheet 6 of 12

Apr. 16, 2024

U.S. Patent

L]
]

.':-

.

et
i

“

!
Iy

_ar
e

[

TR A A
i
[ p— v
qs:
=

.u-'ﬂ;-ﬂ'ﬂ

- e e A m w =T

Tl A

.'F‘.

T ——
W B om

ek 8 F F F v

I--*'-'I.ﬂ-

r
e
M m v et e T

o

i
i
]
[
1

— -

-—

e

—
-

s
i
*4*:_@. oo

iy

-
‘I—
e

-
-

-
-

.
- -
y

[

-

L
w
'l
.J"

-

e P
-
-

_u._._,a.--'_._
—

¢

P B R RL LE kbl il i

-

1
1
;
1
L
t
=1
[ ]
i
=
1
b
Xh
L]

p
]
*

.
' gl m——E—rpAeE. e A SR

rr-i'."-- -

s

-
-.n‘_h_‘t.
.

BTy

JPELE oy A m o A
e Lt el Ll

B
*a
- -f"fvuaiﬂﬁ'.'.'.‘.
*
- i

P omm Tk T
A em.Em w ey A -E W omr o
o

. L]
[,

° _‘-l.-‘..-.'--‘-‘-----'.—

,

a—pleE. W e - g
e i |
1

o

i‘f‘
L3

e e



U.S. Paten Apr. 16, 2024 Sheet 7 of 12 US 11,957,422 B2

Tﬁﬂw
q.a -

G |
& o 5 .
3

atmrd R 'Iriwlh_.._.l

: :!}‘ S Bl
‘ L
|

i P,
- :-'-I-'H-'-I- -:1‘:"- e gy

F

o
i
l.l"lll-'ll-'.ll-'lr“lr‘lr*_-'lrflr‘lr"-‘l.r. L

“
e
e
L ]
i ‘r'""'l.'l:-.""‘\-.., R T T T I T . e ey iy e ke e ey e ] R AR SR U R R R S ey am ke dy e & TR
: : el i“:""‘!.‘i‘l .‘.:Il:.l:..l- - :'_:.I:r:r:r:l :-I :':'l:'l:ll:!l::l::l:': :1:1::5_%-\‘** iang 4.:.:-":*':‘.:*:*:-*f-#-l'#l'#l-#l‘l-l-*lbl‘!_;-;-;-;-'.-;.;-;-: :-'-;:;-;-."-;-;-;-:-. e ol o ode ke ke e i b -r'tvll'l —|'.' -.--p--r'-l'-l'-:'-:'-"'\-"‘\l-'-'-1-Wﬁ"r"r‘-f|.| "
L . . "
1 2 [
. L
[}
¢4 i ' '
Ly ‘ . t
14 . ¥
) r * 1
..:!- * (-: - T T L L L LY W ] -
% - : :' '.-I':.I..i:pqq-i-bb--bi--- .‘;;. "".‘s‘:r:l:l:l:-::::':'::':ﬂ;-h " X
*‘. - o e om om oy T T T i ey g ey e e o o | 5
- X by ':‘1' ‘J:.I-l-r--q-rq—bbbb--- “j eFa ! v t\“- L] }"lf."n
e . ? * ! '
[y Sy Sy g g & Tk "
; k . ' N L ¥ -
. A B R *ﬁﬁ!‘!‘#‘ R " [} . e e e e T T -:' :
. (Y [ A ;- ¥
"y \"‘ i t ¥
% P - [ Uy NNy Uy [y PRIy - . '
! i
' b
¢ v
i !
T T o o g g o o g

b BL I TS

.‘ 3 . ll

::’ ¥ b

b | [ ]

N 3 " :

t b H o
: e i 2 i tg e
v ] :

. [} -

' ; "’% i PRI o
b : ! St :
N ¥ v i T NN S J—— Y
: e et FUNE A : : :':l'
k et S .. \ ook

- & - = S L]
i -~ "\‘ p 'I‘:l' e E T :

; L I .
- w! . F :{I .2;‘#*" \ . o . b s
%‘:- At vfm;" . ot s '..Mﬁq""'l:::-.

e,

-t N, .
UL B, R, -t - .ﬂ.:l.
i P ¥ : e e _ ol '_-
-2 . i ! T
B I Vo
I ' ‘:' Win _‘: i
1 , i Yaly, s . |"|."|"\-l--|."|."|."." Yy by
P L b P I Iee Vg :
S PG Fr ot E g SRR
i r ' i e LI
& : . v Al ‘ :-- 2oy ¥
0 . - - ) i il e ol oal il e e J ' b ] o .
Y SR G2 S N S C LTz o O T nm
T - L N A '.&%:_aﬁlll [ ] o ‘.w."'l.\
: 3
L}
[

;
454

L .

.q"j-
P

LR Bl Bt R N R —

i
¥
'N.N"‘

r
4
s
!
.
L
A
1
]

|
:

L
=.‘-"‘-“1l'l|l l‘-.bbl-l-hb---""--‘l'-'l"b-

-, -

™

o
e A E E
e e e e

400

i

T e e w;{- .

e L T .

. A
T A . e oo
bl

-ar;:g'-

Ll T

¥
e -'
E L |
¥
W, - P W N
'.;i. ‘:f}':*ﬁ l,l.#.:u.t.t.l.l-'"#‘ .,J "-_' h
] L] . i"'.' 'I
. g wa * s
S S L :
4 LI ALK N 1
NV :
"l‘ﬂ'"‘iiqqq-!-r--rq-r#l'l‘"“ '.l" t

B ke o W L W e e A

) ety _!.ll__.‘_ PR I . e L L e o ey r
B ot xR : .
L e, Tobed ””“” e o 0 o ! ) ST ooy e W
». g M gl T ryryte” ..
.. e ] L P T R
T e W‘:":h:":":"ﬂ.' - "t"’"-:.i:'_: :""""'l--r L, 'l'\-b----.h:- ’ 30 e
-~ - - o - - - | - L k)
-.?!".r?j' e T A - "'-":-'f:.:'::f_rﬂ“-‘-*-.'a‘n‘;f;*‘-:;f::;:‘tfaf..'—'-'-:"- :,::' - 5
l.'\'l.- L -H‘"l X ":ﬁ?‘;ﬁ"' “-I,:.:" i, et L b L P T A A T = s
o) ¥ :-1- rl g J Sy - M :-.".:__."_"i-"‘*l-‘- LI L L -"*"“"'"_":. PN " iy
'5:' t L ¥ :;" . b L : ] "ll-dll--lu.-.-.---n-ll--ﬁ'" "":.E:
¥ [ ] ¥ T 1t E _i._-l_l . . ! . v 4% 1 -‘ e % |
|-" ' ! '." |l{-"|1* |I|I J [ ] Il i.l‘ _.l‘"li L t i
i’ ' i Thihlhy Lty it / ¥ ity ? -"};-* ¥ thrd o0 A ! :
A $oHE g lghh fatt i SR S EURILINE TS |
w g i L 1; ‘e i,: ey ! ! prbd b :.:E: ragpny AR ;
wihatghpigty s, ¥ Y% ; 1w Ql ey | X . Ly Ei'l- ] y ko ¥ y )
r { iy L. A P -..tr h, Y * { - R o LT M b .y )
T ST S 4 "F Enanr & E v S BR-E R TR L L
- "0 T N b [ . P el i e i - 3 » o
:. :.- :: :l- _l.i.r t-l': :::._n:.- :r i s M i : ::'1: & .I:: : I'I-# * ': _|.
|" I: ip r: -'1 :‘ :r I"a-'l -Ir- , ‘-..- 1|: 5 l" e -I ] i':F ; ‘r_r -I I-‘r -: | :" .
rHa, 4 :i. L -i: o -l:;:r wr ; :l- [ : :-:' r_r:-f v iy ::E i " .
R S W ; Vs Liggel r e ieN v -
VY DS TR RN ; ve%y  h e el - WA
: :‘u,. L Ay RN B ' h
§ " - il ML i o
w il e it Nty ;

.,



U.S. Patent Apr. 16, 2024 Sheet § of 12 US 11,957,422 B2




U.S. Patent

Apr. 16, 2024

?|'|‘IH‘vE"IF!"IH‘vF."_'H‘vH‘vF."_'H‘vH‘vE"IF!"IH‘vF."_'H‘vH‘vH"IF!"IH‘vH"IEvﬁvﬁvﬁvﬁvﬁvﬁvﬁv!'vﬁvﬁvﬂ e K

iyl 0

: %
I ]
% M o
; righ, o . 3 ;
I::_l 2 b ]
A R R ; i o o o o o o o e o e .y
it R O 1] i1 o2 NT e
2 b "_‘.‘ ----------- l‘."'-' ! :| '] '.'I'| l'— iy ] '.“
ol '-lr‘ '1*-' r'l y o ‘-*l. 1 "l-
* W Tasar g, d Vi1 M= IR ¥ it o1 e
*.‘E. HER g BN At o1 g
! L - WY1y a1 1 Ve
T NN g1y i 1 ey
L 'l- ] hi I|I-l- l‘ -|lla . 4 1 l..
., » ) ' VDol ol A 14
M ¥ ] El ¥ 1 ¢ 'R ) p 4 4 (Bl -
"-__ Al y L T H L W] T
K L H L :':. LI :1: :"
'q‘*“‘**‘!:; ] o - i i d
: o m : r s : i KL
= * 3 thY i H i W
“"“'1 2 1 i...-:-_q [ : b ..
“""., S T e W B B B Be e e e ke e b o o o o o o oy Bl '. - ....‘ - - ...E.....E..l-.‘ "-
— -4 T - H
" / it
i!

----l-i-\.

i e ol dr

P ' ' g

B R R R R R
e

wm g g gy gyl

""l‘.l‘.l’.iﬂ:‘

i
L

i

1
¥
L
¥

‘l-‘ -

- &
Wﬂm:bv'-ﬂ' haddeind

Bl ol A A U e p ap mp wr ot der o o o BT -r--r-r-r--"-"-"-"'f'bﬁ-bb
1

-

[y

"‘""‘"""‘"‘"""‘*" 14

rag T T, L L L
ol

i g g e i
L k]

oy
AL W A Y

(

e o I i L

"'

"Jﬁ :
'i‘:':..:..:-.:..:..:-.:..:..:-.:..:..:-.:..:..:-.:..:..:-.:. v

¥
i
1
1
1
1
I
Ig
I
\
i
\
*
*
*
&

o ke e

- :-l-l-l-l-f-'-'--"-'-'-'m

I iy T AR

o
-~
) #ﬂ#ﬁ!

idd

a2

iviiivivHvi?ivHil"I'l"I'l"l'l"l'l"I'l"I'l"l'l"I'l"I'l"I'l"I"l"l"l"l"l"l"l"l"l"l"l"l'l"I'l"l'l"I'l'l'l"I'l"I'l"I'l'l'l"l"l"l"l"l"l"l'iviiivivv?ivivviivi
HUUHUUHUUUUUHUUHUUUUUHUUUUUHUUHUUUUUHUUUUUUFUHUUUUUHUUHUUUUUHUUUUUUUUHUUUUUHUUUUUUUUHUUUUUUU

Sheet 9 of 12

H ‘H _IH‘.H ‘Hvii ‘H‘IH _IiII _IH ‘H‘Iil'vﬂ_'i'l _IH,“H‘IH‘IH _IH‘IH _IH"H _IH‘.H .-“1.-“- ..H- _.H. _.i'l. .I;"- _.H‘IH _IH‘.H ‘H‘IH ‘H_'H _IH,“H‘IH‘IH _IH‘IH .-“ _IH ‘H‘IH _IH‘IH _IiII _IH_'H‘IH _IH‘IH _IiII _IH ‘H‘IH ‘H‘IH _IH,“H‘IH‘IH _IH‘IH "H‘;..-l_.

.--*

o -

i -

wir. wir. wir, wir. wir oF - - 0 AR

DT

r
o

"'-'H—H. o

O ——

PR R E A W R
" e i T
- A A AP i . i, wir, i, -

!4 R S SR SR SR SR SR S S
_ill': o Sy o Syl ot Sl ol Nl o’ B
pirimi i ettty ’ e A R
! [ ] .
L P 1 o " ~
k4 " ] " ‘ -~ - i""' '_'._#
n ¥ I k 2,
[
P 1
t

e

?

| ] &
Mﬁ% ﬁwﬁ mﬂﬁ% ﬁﬁﬂﬁﬁ%ﬁhﬁ%‘ﬁ%
A o P P o

e

R B e T S e T aaa | ..........

e . . .
» . " RN R R RN RN A ey [ Y
ol ol L] - i
B a - L. - b
] - . e ""'"-l,._ )
: -\'"‘\h L ' . 3
e ‘ ’

J'..l'..J'..J'..l'..J'..J'..J'..J'..J'..l.J'..J'..l'..I..I..l.l.l..l.l.]'..l.l.]‘..l

e i, e A, e, e, i, e,
4 L]

US 11,957,422 B2

>

A
-3t

.

i-.t.ip-.t.

_.Iu
-

'
-
P T Y ] -

" ‘“';1

'Il;1 l'“'l'“ l'“'l'“ l'“'ll;1 l'“ l'“ l'“'l'“ l'“'ll;1 l'“ l'“ l'“'l'“ l'“'ll;1 l'“'l'“ l'“'l'“ l'“'ll;1 l'“'l'“ l'“'l'“ l'“'ll;1 l'“'l'“ l'“'l'“ l'“'ll;1 l'“'l'“ l'“'l'“ l'“'ll;1 l'“'l'“ l'“'l'“ l'“'ll;1 lI

"-"'-'"-"""-I':

Ll I RN

.l. 3 ... ..-. e
: : g { ;I 4 E._' J
-f SRERE ok, Jo ;;g,

it M

e o = oy m oy m oy m oy m ]

:
K
)
)
]

ﬂﬂvﬂvﬂvﬂvﬂvﬂﬂﬂvﬂvﬂﬂl"'ﬂ"ﬂv-‘vﬂvﬂﬂl"'ﬂ""'“l'"ﬂvﬂﬂ-‘vﬂvﬂﬂl"'ﬂ"ﬂﬂl"'ﬂ""ﬂl"'ﬂ"ﬂﬂl'"ﬂvﬂﬂﬂvﬂvﬂvﬂvﬂvﬂﬂﬂvﬂ
FUUUUUUUUUUHUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU



U.S. Patent Apr. 16, 2024 Sheet 10 of 12 US 11,957,422 B2

E o

: §
. qh » . :_1.:
¢

il ] -
T T e o e g, P b T

s
: o - M.,M“"“"‘W'“T
:'*:‘ - ".1‘.‘ E’ -.% WW »'m I h

.‘Wﬂw.ﬂ.‘ﬂrww \%

‘::i:‘::t:‘::t:‘::t:‘::t:‘::t:‘::

i i i Y

g
= .

-
A TR

4

P
.-%‘.r..
g

W

o
.1'
s -
oy ll l'l'l'llllll-
g g ;
] g

ol -

T F s ] ¥
iy ...................:... & ] ?
S ol . . >
' ] - . [} ’ . -I‘ Ny 4
1, e A o o A 2
A— R SN R
My gl & gy ' 1 '. L] v -'4-'*-'*-'ﬁ-'*-'*-'ﬁ-'*-'*-'ﬁ-'vv#vv#vv#vv#vvvvvvvv#vfwﬂgﬂgwﬂgﬂgwﬂgﬂgwﬂgﬂgwﬂgﬂg'
P sl Ry J . 'H o W M oW W W W W WO W 'll'l:'ll'll'll'll'll'l:_'ll'll'll'll'll'l:_'ll'll'll_
g gl . ‘ : A i i. ey " " "
o . i - e - - a 4. . -
_.__‘.\,l.-\.ﬂl'-"'""' .r -l-- " - '_.. L] ] L p-Il " 2 ir’.
P:'.':' = - -'-b-r- Pl at e gl .'-:.'q'_ "-'"-‘l xr
.4 o ' o e IR
LI | |'+ L I l“ ‘i H L I “
LI | "‘ [ ] L I “ "i N AL ‘1-
AL ] ".- » L I ‘1 ii H Yy e b
LI | "-' A L I ‘i li H ‘AR k&
AL ] "1- I L I ‘1'- "i H "
AL ] -.- i L I .1'- !.- H LI
kb 4 o b 3 LR L
AN = i | I ] ._‘- .'..] ol
Fr  had ; T )
v pal ; T N
voobED : . i
- k | i 1=
"r"h.‘ s - J 1. -
r ll.“ A ‘.1 r !.‘ :F!
v : bt gt '
"i. » ] :l: : ! -y ]
-i---l - - - - l‘ ‘-I--I--I--I--'--I--I- ‘l. - :

D NN R\-»..

4 SRR

.' " "
"'--q._ .- ""hq‘_“
L] ‘-\"‘i T ¥
-y |

L]
‘i )

.
! -..-...-.-.'-.-.-...-.-.-.-:-.

o
LA

J = am am am oy R BB

gy ey o e '-'-

O e e e

) wv”" :':-:'! "'I"ﬂ."v"' . | ._ "l 1 11.1-:__;. e e 1-.
¥ b A i-. l-
d ¥ T -
il a L i r.l- 1‘ o J . o .-*l:_ll::-'-lr'n- - Iil_i‘..-ll.-b.
Y E i ¥ . )
-

lrn-i-i-n- )
= ...'Il' T

: N e Rl o )
L h,

g R ¥
; e - = -

. i e aeraa

. - !
A e e e A e e e . .}

o~

.E e ol A
i ]
I F

&
Fla
e

ok

]

i
l.-ll-lr'l" i
i
J—— Y- Ayt CEERCN R R : T . AP, g ’ R o ol i b e i R N L B U e
Aty s o VPt e g gy g e e F . g g g g gy g g e " gy .y ] ru -++++++i-lil. y |‘ r
] ] e r r
,:..ﬂ.-r'-"""" s + :ai_l = : i F " 4 g " i . “‘, 'p
i -I B A e N A R N 1 &l o br | FEE ' ::.l‘_ I ittt = JUN Ay .. PP U apa ey qpepay R )
: ; I . . Y Y L 1 : - 4 :
: '--uﬂr""""" ._ o : _.:rll ." W t: : ¥ 1 L : ; N, “\‘""-n.,. g L : ¢ H i i : : { 4 K TR "-n...*_ kR . 4 \ A
AN e oo oot 1 \ :E . gt :;E i — . SN S T SR LS S P :
.. oo k 1 L ." Iy : " ik Tumy L] - q‘_“ . " M gl M ¥ I': i ’ ey ‘*“‘h. - .
; A I i 1 ¥ ' X - = . ’ ’ : i " e - - ;
: ; o : _.: l:: :l 1& : R O hﬁ“f"ﬁwrl’-l‘lt“ - PP L ' LY, ".m‘m P
A ' L o) ; 1 ERT L A AR
‘] K L] A 1 . [ . ] i ¥ fa:
" ; I Y 4 ' ' L 1
L) A 1 o [ N [] L. N e
........ g1 HATRE e ot . P
HENEE H hL Ak bee o bt . MM
| EEER Y AR ] ] L] L]
H & i ' 4y totd N T
- 'TEE SHRE K ¢ t ¥ '
] : § L 1 [ . N ] 1 T 4
[ R ANNE ¥ e e 2 et
i ‘ " '_ 4 jr='m'm'm'mimim'm ‘.% 0
F | 4+ Ok £ I
! i R f,."'i"‘ﬂ
’, ................. e N ) Y P T A

[l el lad ™




U.S. Patent Apr. 16, 2024 Sheet 11 of 12 US 11,957,422 B2

FiGs, 12

1200 g :' ;
~_ | OBTAIN A SURGICAL |

- ul INSTRUMENT |

1210 : : :

~ MANIPULATE THE SURGICAL
/ o INSTRUMENT
1220 0 e S
1250 @ ~ 1230
' RECORD THE INPUT REQUIREMENTS
| REQUIRED TO ACHIEVE THE MANIPULATION

| DETERMINE ADJUSTING |
| INFORMATION |

REFLECTING THE
EFFECTS OF USE

| AND/OR CONDITION OF |
f THE SURGICAL f
INSTRUMENT ON THE
INPUT REQUIREMENTS

STORE, AS BASIS INFORMATION, THE INPUT

REGUIREMENTS IN ASTORAGE DEVICE
ASSOCIATED WITH THE SURGICAL
INSTRUMENT

STORE, IN THE STORAGE DEVICE, ADIUSTING
INFORMATION FOR ADJUSTING THE BASIS
INFORMATION



U.S. Patent Apr. 16, 2024 Sheet 12 of 12 US 11,957,422 B2

13

ﬁ 1310
; RECEIVE INSTRUCTIONS TO
| MANIPULATE A SURGICAL INSTRUMENT

DETERMINE SETTING INFORMATION | 1320
ASSOCIATED WITH THE INSTRUCTED |/

MANIPULATION

1300
1330
A7 IS THE SETTING N
INFORMATION BASIS BASIS
FINED « INFORMATION OR FIXED 1
N\ |INFORMATION? < v
) ~ | DETERMINE A USE AND/OR |

1340
CONDITION OF THE

SURGICAL INSTRUMERNTY

' * 1350
PROVIDE A ROTATIONAL INPUT --
ACCORDING TO THE SETTING DETERMINE ADIUSTMENT
INFORMATION TO ACHIEVE THE INFORMATION
| INSTRUCTED MANIPULATION | CURRESPONDING 1O ThE
oA - SETTING INFORMATION
1360 -

ADIUST THE SETTING INFORMATION ACCORDING TO
{ THE USE AND/OR CONDITION INFORMATION AND
THE ADJUSTMENT INFORMATION

FROVIDE A ROTATIONAL INFUT

| ACCORDING TO THE ADIUSTED |
| SETTING INFORMATION TO ACHIEVE |
| THE INSTRUCTED MANIPULATION |




US 11,957,422 B2

1

SURGICAL INSTRUMENTS FOR USE IN
ROBOTIC SURGICAL SYSTEMS AND
METHODS RELATING TO THE SAME

FIELD

The present disclosure relates to surgical instruments and,
more specifically, to surgical instruments such as, for
example, for use 1n robotic surgical systems, and methods
relating to the same.

BACKGROUND

Robotic surgical systems are increasingly utilized 1n vari-
ous different surgical procedures. Some robotic surgical
systems 1nclude a console supporting a robotic arm. One or
more different surgical instruments may be configured for
use with the robotic surgical system and selectively mount-
able to the robotic arm. The robotic arm provides one or
more inputs to the mounted surgical mstrument to enable
operation of the mounted surgical instrument.

SUMMARY

As used herein, the term “distal” refers to the portion that
1s being described which i1s further from an operator
(whether a human surgeon or a surgical robot), while the
term “proximal” refers to the portion that 1s being described
which 1s closer to the operator. The terms “about,” substan-
tially,” and the like, as utilized herein, are meant to account
for manufacturing, material, environmental, use, and/or
measurement tolerances and wvariations. Further, to the
extent consistent, any of the aspects described herein may be
used 1n conjunction with any or all of the other aspects
described herein.

Provided 1n accordance with aspects of the present dis-
closure 1s a surgical system including at least one 1nput
coupler configured to receive an input, an end eflector
assembly, and an actuation assembly operably coupled
between the at least one mput coupler and the end eflfector
assembly such that, 1n response receipt of the input by the at
least one input coupler, the end effector assembly 1s manipu-
lated. The surgical system turther includes a storage device
storing setting information and adjustment information. The
setting information enables determination of a first input to
the at least one mput coupler to achuieve a desired manipu-
lation of the end eflector assembly. The adjustment infor-
mation enables adjustment of the setting information for
determination of a second input, different from the {first
input, to the at least one mput coupler to achieve the desired
manipulation of the end eflector assembly.

In an aspect of the present disclosure, the adjustment
information 1s correlated with use information. The use
information may include an amount of time and/or a number
of events. The storage device may additionally or alterna-
tively store the use information.

In another aspect of the present disclosure, the adjustment
information 1s correlated with condition information. The
condition information may include at least one of a presence
ol articulation or an amount of articulation.

In still another aspect of the present disclosure, the at least
one mput coupler 1s configured to receive a rotational 1mnput
as the mput and to rotate 1n response thereto.

In yet another aspect of the present disclosure, at least one
motor 1s configured to provide the input to the at least one
input coupler. In such aspects, a control device may be
provided and configured to access the setting information
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2

and the adjustment information to control the motor based
thereon to provide the first mput or the second mnput to
achieve the desired manipulation.

In still yet another aspect of the present disclosure, the
control device 1s turther configured to access at least one of
use mnformation or condition information and to control the
motor based on the setting information, the adjustment
information, and the at least one of the use information or
condition information to provide the first input or the second
input to achieve the desired manipulation.

A method provided in accordance with the present dis-
closure includes receirving an instruction to manipulate a
surgical mstrument, determining setting information associ-
ated with the instructed manipulation, determining adjust-
ment information corresponding to the setting information,
adjusting the setting information using the adjustment infor-
mation, and providing an input to the surgical mstrument
based upon the adjusted setting information to achieve the
instructed manipulation.

In an aspect of the present disclosure, the setting infor-
mation 1s adjusted using the adjustment information and the
adjustment information 1s correlated with additional infor-
mation, e.g., use mformation (such as an amount of time
and/or a number of events) and/or condition information
(such as a presence of articulation and/or an amount of
articulation).

In another aspect of the present disclosure, the method
turther includes receiving a second instruction to manipulate
the surgical instrument, determining second setting infor-
mation associated with the second instructed manipulation,
and providing a second input to the surgical instrument
based on the second setting information to achieve the
second 1nstructed manipulation. The second setting infor-
mation may be unadjusted setting information. The 1nstruc-
tion and manipulation may be prior to or after the second
instruction and manipulation.

Another surgical system provided in accordance with
aspects of the present disclosure includes a robotic surgical
system, a surgical instrument, and a storage device. The
robotic surgical system includes a robot arm including at
least one operable 1nterface configured to provide an input,
at least one motor, and a control device configured to control
the at least one motor to provide the input to the at least one
operable interface. The surgical instrument includes at least
one mput coupler configured to operably couple with the at
least one operable interface to receive the mput theretfrom,
an end eflector assembly, and an actuation assembly oper-
ably coupled between the at least one 1put coupler and the
end eflector assembly such that, in response receipt of the
input by the at least one mput coupler, the end eflector
assembly 1s manipulated. The storage device stores setting
information and adjustment information. The control device
1s configured to access the setting imformation and the
adjustment information and determine whether to utilize the
setting information to control the at least one motor to
provide a first input to the at least one operable interface to
achieve a desired mamipulation of the end eflector assembly
or to adjust the setting information based on the adjustment
information to control the at least one motor to provide a
second, different input to the at least one operable interface

to achieve the desired manipulation of the end eflector
assembly.

In an aspect of the present disclosure, determining
whether to provide the first input or the second input
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includes considering additional mformation including use
information and/or condition imnformation.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and features of the present disclosure are
described hereinbelow with reference to the drawings
wherein like numerals designate 1dentical or corresponding,
clements 1n each of the several views.

FIG. 1 1s a perspective view of a surgical instrument
provided 1n accordance with the present disclosure config-
ured for mounting on a robotic arm of a robotic surgical
system;

FIG. 2A 15 a front, perspective view of a proximal portion
of the surgical instrument of FIG. 1 with an outer shell
removed;

FI1G. 2B 1s a rear, perspective view of the proximal portion
of the surgical mstrument of FIG. 1 with the outer shell
removed;

FI1G. 3 1s a front, perspective view of the proximal portion
of the surgical istrument of FIG. 1 with the outer shell and
additional internal components removed;

FIG. 4 1s a schematic illustration of an exemplary robotic
surgical system configured to releasably receive the surgical
instrument of FIG. 1;

FIG. 5 1s a front, perspective view of a jaw drive sub-
assembly of the surgical mstrument of FIG. 1;

FIG. 6 1s a rear, perspective view of the jaw drive
sub-assembly of the surgical instrument of FIG. 1;

FIG. 7 1s an exploded, perspective view of the jaw drive
sub-assembly of the surgical instrument of FIG. 1;

FIG. 8 1s a perspective view of a distal portion of the
surgical imstrument of FIG. 1 with the end effector assembly
disposed 1n an open position;

FIG. 9 1s a longitudinal, cross-sectional view of a proxi-
mal portion of the surgical instrument of FIG. 1 illustrating,
the jaw drive sub-assembly transitioning the end eflector
assembly from the open position towards a closed position;

FIG. 10 1s a perspective view of the distal portion of the
surgical imstrument of FIG. 1 with the end eflector assembly
disposed 1n the closed position;

FIG. 11 1s a longitudinal, cross-sectional view of the
proximal portion of the surgical instrument of FIG. 1 illus-
trating the jaw drive sub-assembly retaining the end eflector
assembly 1n the closed position; and

FIGS. 12 and 13 are flow diagrams illustrating methods
provided in accordance with the present disclosure.

DETAILED DESCRIPTION

Referring to FIGS. 1-3, a surgical instrument 10 provided
in accordance with the present disclosure generally includes
a housing 20, a shaft 30 extending distally from housing 20,
an end eflector assembly 40 extending distally from shaft 30,
and an actuation assembly 100 disposed within housing 20
and operably associated with end eflector assembly 40.
Instrument 10 1s detailed herein as an articulating electro-
surgical forceps configured for use with a robotic surgical
system, €.g., robotic surgical system 1000 (FIG. 4). How-
ever, the aspects and features of instrument 10 provided 1n
accordance with the present disclosure, detailed below, are
equally applicable for use with other suitable surgical instru-
ments, e.g., graspers, staplers, clip appliers, and/or 1n other
suitable surgical systems, e.g., motorized or other power-
driven systems.

With particular reference to FIG. 1, housing 20 of instru-
ment 10 includes first and second body portion 22a, 226 and
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4

a proximal face plate 24 that cooperate to enclose actuation
assembly 100 therein. Proximal face plate 24 includes
apertures defined therein through which mput couplers 110-
140 (FIG. 2B) of actuation assembly 100 extend. A pair of
latch levers 26 (only one of which 1s illustrated 1n FIG. 1)
extending outwardly from opposing sides of housing 20
enable releasable engagement of housing 20 with a robotic
arm of a surgical system, e.g., robotic surgical system 1000
(FI1G. 4). An aperture 28 defined through housing 20 permaits
thumbwheel 440 to extend therethrough to enable manual
mampulation of thumbwheel 440 from the exterior of hous-
ing 20 to permit manual opening and closing of end effector
assembly 40.

Referring also to FIGS. 2A-3, a plurality of electrical

contacts 90 extend through one or more apertures defined
through proximal face plate 24 to enable electrical commu-
nication between instrument 10 and robotic surgical system
1000 (FIG. 4) when mstrument 10 1s engaged thereon, e.g.,
for the commumnication of data, control, and/or power signals
therebetween. As an alternative to electrical contacts 90
extending through proximal face plate 24, other suitable
transmitter, receiver, and/or transceiver components to
enable the communication of data, control, and/or power
signals are also contemplated, e.g., using RFID, Bluetooth®,
WiF1®, or via any other suitable wired, wireless, contacted,
or contactless communication method. At least some of the
clectrical contacts 90 are electrically coupled with electron-
ics 92 mounted on an 1nterior side of proximal face plate 24,
¢.g., within housing 20. Electronics 92 may include, for
example, a storage device, a communications device (in-
cluding suitable mmput/output components), and a CPU
including a memory and a processor. Electronics 92 may be
mounted on a circuit board or otherwise configured, e.g., as
a chip.
The storage device of electronics 92 stores information
relating to surgical instrument such as, for example: the item
number, ¢.g., SKU number; date of manufacture; manufac-
ture location, e.g., location code; serial number; lot number;
use mformation; setting information; adjustment informa-
tion; calibration information; security information, e.g.,
encryption key(s), and/or other suitable additional or alter-
native data. The storage device of electronics 92 may be, for
example, a magnetic disk, flash memory, optical disk, or
other suitable data storage device.

As an alternative or in addition to storing the above-noted
information in the storage device of electronics 92, some or
all of such information, e.g., the use information, calibration
information, setting information, and/or adjustment infor-
mation, may be stored in a storage device associated with
robotic surgical system 1000 (FIG. 4), a remote server, a
cloud server, etc., and accessible via instrument 10 and/or
robotic surgical system 1000 (FIG. 4). In such configura-
tions, the information may, for example, be updated by
manufacturer-provided updates, and/or may be applied to
individual mstruments, units of instruments (e.g., units from
the same manufacturing location, manufacturing period, lot
number, etc.), or across all istruments. Further still, even
where the information 1s stored locally on each instrument,
this information may be updated by manufacturer-provided
updates manually or automatically upon connection to the
robotic surgical system 1000 (FIG. 4).

Referring again to FIG. 1, shaft 30 of instrument 10
includes a distal segment 32, a proximal segment 34, and an
articulating section 36 disposed between the distal and
proximal segments 32, 34, respectively. Articulating section
36 includes one or more articulating components 37, e.g.,
links, jo1nts, etc. A plurality of articulation cables 38, e.g.,
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four (4) articulation cables, or other suitable actuators,
extend through articulating section 36. More specifically,
articulation cables 38 are operably coupled to distal segment
32 of shait 30 at the distal ends thereof and extend proxi-
mally from distal segment 32 of shaft 30, through articulat-
ing section 36 of shaft 30 and proximal segment 34 of shaft
30, and imto housing 20, wherein articulation cables 38
operably couple with an articulation sub-assembly 200 of
actuation assembly 100 to enable selective articulation of
distal segment 32 (and, thus end eflector assembly 40)
relative to proximal segment 34 and housing 20, e.g., about
at least two axes of articulation (yaw and pitch articulation,
for example). Articulation cables 38 are arranged 1n a
generally rectangular configuration, although other suitable
configurations are also contemplated. In some configura-
tions, as an alternative, shaft 30 1s substantially rigid,
malleable, or flexible and not configured for active articu-
lation.

With respect to articulation of end eflector assembly 40
relative to proximal segment 34 of shait 30, actuation of
articulation cables 38 may be accomplished in pairs. More
specifically, in order to pitch end eflector assembly 40, the
upper pair of cables 38 are actuated 1n a similar manner
while the lower pair of cables 38 are actuated in a similar
manner relative to one another but an opposite manner
relative to the upper pair of cables 38. With respect to yvaw
articulation, the right pair of cables 38 are actuated 1n a
similar manner while the left pair of cables 38 are actuated
in a similar manner relative to one another but an opposite
manner relative to the right pair of cables 38. Other con-
figurations of articulation cables 38 or other articulation
actuators are also contemplated.

Continuing with reference to FIG. 1, end eflector assem-
bly 40 1includes first and second jaw members 42, 44,
respectively. Each jaw member 42, 44 includes a proximal
flange portion 43a, 45a and a distal body portion 435, 455,
respectively. Distal body portions 435, 456 define opposed
tissue-contacting surfaces 46, 48, respectively. Proximal
flange portions 43a, 435a are pivotably coupled to one
another about a pivot 50 and are operably coupled to one
another via a cam-slot assembly 52 including a cam pin
slidably received within cam slots defined within the proxi-
mal flange portion 43a, 45a of at least one of the jaw
members 42, 44, respectively, to enable pivoting of jaw
member 42 relative to jaw member 44 and distal segment 32
of shaft 30 between a spaced-apart position (e.g., an open
position of end eflector assembly 40) and an approximated
position (e.g., a closed position of end eflector assembly 40)
for grasping tissue “I” (FIGS. 8 and 10) between tissue-
contacting surfaces 46, 48. As an alternative to this umlateral
configuration, a bilateral configuration may be provided
whereby both jaw members 42, 44 are pivotable relative to
one another and distal segment 32 of shait 30. Other suitable
jaw actuation mechanisms are also contemplated.

In configurations, a longitudinally-extending knife chan-
nel 49 (only knife channel 49 of jaw member 44 1s 1llus-
trated; the kmife channel of jaw member 42 1s similarly
configured) 1s defined through the tissue-contacting surface
46, 48 of one or both jaw members 42, 44. In such embodi-
ments, a knife assembly including a knife tube (not shown)
extending from housing 20 through shait 30 to end eflector
assembly 40 and a knife blade (not shown) disposed within
end eflector assembly 40 between jaw members 42, 44 1s
provided. The kmife blade 1s selectively translatable through
the knife channel(s) 49 and between the jaw member 42, 44
to cut tissue “1T” (FIGS. 8 and 10) grasped between tissue-
contacting surfaces 46, 48 of jaw members 42, 44, respec-
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tively. The knife tube 1s operably coupled to a knife drive
sub-assembly 300 (FIG. 3) of actuation assembly 100
(FIGS. 2A-2B) at a proximal end thereof to enable the
selective actuation of the knife tube to, in turn, reciprocate
the knife blade (not shown) between jaw members 42, 44 to
cut tissue “I” (FIGS. 8 and 10) grasped between tissue-
contacting surfaces 46, 48. As an alternative to a longitudi-
nally-advanceable mechanical knife, other suitable
mechanical cutters are also contemplated, e.g., guillotine-
style cutters, as are energy-based cutters, e.g., RF electrical
cutters, ultrasonic cutters, etc., 1n static or dynamic configu-
rations.

Retferring still to FIG. 1, a drive rod 484 1s operably
coupled to cam-slot assembly 52 of end eflector assembly
40, e.g., engaged with the cam pin thereof, such that
longitudinal actuation of drive rod 484 pivots jaw member
42 relative to jaw member 44 between the spaced-apart and
approximated positions. More specifically, urging drive rod
484 proximally pivots jaw member 42 relative to jaw
member 44 towards the approximated position while urging
drive rod 484 distally pivots jaw member 42 relative to jaw
member 44 towards the spaced-apart position. However,
other suitable mechamisms and/or configurations for pivot-
ing jaw member 42 relative to jaw member 44 between the
spaced-apart and approximated positions in response to
selective actuation of drive rod 484 are also contemplated.
Drive rod 484 extends proximally from end eflector assem-
bly 40 through shatt 30 and into housing 20 wherein drive
rod 484 1s operably coupled with a jaw drive sub-assembly
400 of actuation assembly 100 (FIGS. 2A-2B) to enable
selective actuation of end eflector assembly 40 to grasp
tissue ““1” (FIGS. 8 and 10) therebetween and apply a jaw
force within an appropriate jaw force range, as detailed
below.

Tissue-contacting surfaces 46, 48 of jaw members 42, 44,
respectively, are at least partially formed from an electrically
conductive material and are energizable to different poten-
tials to enable the conduction of RF electrical energy
through tissue “T” (FIGS. 8 and 10) grasped therebetween,
although tissue-contacting surfaces 46, 48 may alternatively
be configured to supply any suitable energy, e.g., thermal,
microwave, light, ultrasonic, ultrasound, etc., through tissue
“T” (FIGS. 8 and 10) grasped therebetween for energy-
based tissue treatment. Instrument 10 defines a conductive
pathway (not shown) through housing 20 and shait 30 to end
cllector assembly 40 that may include lead wires, contacts,
and/or electrically-conductive components to enable electri-
cal connection of tissue-contacting surfaces 46, 48 of jaw
members 42, 44, respectively, to an energy source (not
shown), e.g., an electrosurgical generator, for supplying
energy to tissue-contacting surfaces 46, 48 to treat, e.g., seal,
tissue “T7” (FIGS. 8 and 10) grasped between tissue-con-
tacting surfaces 46, 48.

With additional reference to FIGS. 2A-3, as noted above,
actuation assembly 100 1s disposed within housing 20 and
includes an articulation sub-assembly 200, a knife drive
sub-assembly 300, and a jaw drive sub-assembly 400.
Articulation sub-assembly 200 1s operably coupled between
first and second mput couplers 110, 120, respectively, of
actuation assembly 100 and articulation cables 38 (FIG. 1)
such that, upon receipt of approprate mputs into first and/or
second input couplers 110, 120, articulation sub-assembly
200 manipulates cables 38 (FI1G. 1) to articulate end effector
assembly 40 1n a desired direction, e.g., to pitch and/or yaw
end eflector assembly 40.

Knife drive sub-assembly 300 1s operably coupled
between third mput coupler 130 of actuation assembly 100
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and the kmife tube such that, upon receipt of appropriate
input mto third mput coupler 130, knife drive sub-assembly
300 manipulates the knife tube to reciprocate the knife blade
between jaw members 42, 44 to cut tissue “T” (FIGS. 8 and
10) grasped between tissue-contacting surfaces 46, 48.

Jaw drive sub-assembly 400, as detailed below, 1s oper-
ably coupled between fourth mput coupler 140 of actuation
assembly 100 and drive rod 484 such that, upon receipt of
appropriate mput into fourth mput coupler 140, jaw drive
sub-assembly 400 pivots jaw members 42, 44 between the
spaced-apart and approximated positions to grasp tissue “1”
(FIGS. 8 and 10) therebetween and apply a jaw force within
an appropriate jaw force range.

Actuation assembly 100 1s configured to operably inter-
face with a robotic surgical system 1000 (FIG. 4) when
instrument 10 1s mounted on robotic surgical system 1000
(FIG. 4), to enable robotic operation of actuation assembly
100 to provide the above-detailed functionality. That 1s,
robotic surgical system 1000 (FIG. 4) selectively provides
iputs, e.g., rotational mputs to mput couplers 110-140 of
actuation assembly 100 to articulate end eflector assembly
40, grasp tissue 1”7 (FIGS. 8 and 10) between jaw members
42, 44, and/or cut tissue 1”7 (FIGS. 8 and 10) grasped
between jaw members 42, 44. However, 1t 1s also contem-
plated that actuation assembly 100 be configured to interface
with any other suitable surgical system, e.g., a manual
surgical handle, a powered surgical handle, etc. For the
purposes herein, robotic surgical system 1000 (FIG. 4) 1s
generally described.

Turning to FIG. 4, robotic surgical system 1000 1s con-
figured for use 1n accordance with the present disclosure.
Aspects and features of robotic surgical system 1000 not
germane to the understanding of the present disclosure are
omitted to avoid obscuring the aspects and features of the
present disclosure 1n unnecessary detail.

Robotic surgical system 1000 generally includes a plu-
rality of robot arms 1002, 1003; a control device 1004; and
an operating console 1005 coupled with control device
1004. Operating console 1005 may include a display device
1006, which may be set up in particular to display three-
dimensional images; and manual input devices 1007, 1008,
by means of which a person, e.g., a surgeon, may be able to
telemanipulate robot arms 1002, 1003 in a first operating
mode. Robotic surgical system 1000 may be configured for
use on a patient 1013 lying on a patient table 1012 to be
treated 1n a minimally invasive manner. Robotic surgical
system 1000 may further include a database 1014, in par-
ticular coupled to control device 1004, 1n which are stored,
for example, pre-operative data from patient 1013 and/or
anatomical atlases.

Each of the robot arms 1002, 1003 may include a plurality
of members, which are connected through joints, and a
mounted device which may be, for example, a surgical tool
“ST.” One or more of the surgical tools “ST” may be
istrument 10 (FI1G. 1), thus providing such functionality on
a robotic surgical system 1000.

Robot arms 1002, 1003 may be driven by electric drives,
¢.g., motors, connected to control device 1004. The motors,
for example, may be rotational drive motors configured to
provide rotational inputs, e.g., to selectively rotationally
drive mput couplers 110-140 (FIG. 2B) of surgical instru-
ment (FIG. 1) to accomplish a desired task or tasks. Control
device 1004, ¢.g., a computer, may be configured to activate
the motors, 1n particular by means of a computer program,
in such a way that robot arms 1002, 1003, and, thus, their
mounted surgical tools “ST” execute a desired movement
and/or function according to a corresponding 1nput from
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manual mput devices 1007, 1008, respectively. Control
device 1004 may also be configured in such a way that 1t
regulates the movement of robot arms 1002, 1003 and/or of
the motors.

Control device 1004, more specifically, may control one
or more of the motors based on rotation, e.g., controlling to
rotational position using a rotational position encoder (or
Hall eflect sensors or other suitable rotational position
detectors) associated with the motor to determine a degree of
rotation output from the motor and, thus, the degree of
rotational input provided to the corresponding input coupler
110-140 (FIG. 2B) of surgical mstrument 10 (FIG. 1).
Alternatively or additionally, control device 1004 may con-
trol one or more of the motors based on torque, current, or
in any other suitable manner.

With reference to FIG. 5-7, jaw drive sub-assembly 400 of
actuation assembly 100 1s shown generally including an
input shaft 410, an mput gear 420, a drive gear 430, a
thumbwheel 440, a spring force assembly 450, and a drive
rod assembly 480.

Input shait 410 includes a proximal end portion 412
operably coupled to fourth input coupler 140 and a distal end
portion 414 having input gear 420 engaged thereon such that
rotational 1nput provided to fourth mnput coupler 140 drives
rotation of mnput shaft 410 to, thereby, drive rotation of input
gear 420. Input gear 420 1s disposed 1n meshed engagement
with round gear 432 of drive gear 430 such that rotation of
input gear 420, e.g., 1n response to a rotational input pro-
vided at fourth input coupler 140, eflects rotation of drive
gear 430 1n an opposite direction. Thumbwheel 440 1s also
disposed 1n meshed engagement with round gear 432 of
drive gear 430 such that rotation of thumbwheel 440 effects
rotation of drive gear 430 1n an opposite direction, thus
enabling manual driving of drive gear 430 via manipulation
of thumbwheel 440. Drive gear 430, in addition to round
gear 432, further includes a lead screw 434 fixedly engaged.,
¢.g., monolithically formed, with round gear 432 such that
rotation of round gear 432 effects similar rotation of lead
screw 434.

Spring force assembly 450 includes a proximal hub 452,
a distal hub 454, a compression spring 4356, and a spring
washer 458, although suitable force-limiting assemblies are
also contemplated such as, for example, utilizing a torsion
spring, a compliant feature, etc. Spring force assembly 450
further includes a pair of guide bars 470.

Proximal and distal hubs 452, 454 of spring force assem-
bly 450 may be i1dentical components that are oriented,
positioned, and/or coupled to other components diflerently,
thus providing different functionality while reducing the
number of diflerent parts required to be manufactured. The
features of proximal and distal hubs 452, 454 are detailed
below to the extent necessary to facilitate understanding of
the present disclosure and, thus, although some features may
be detailed with respect to only one of the proximal or distal
hub 452, 454 and the function associated therewith, similar
features may be provided on the other of the proximal or
distal hub 452, 454 without the associated function. Alter-
natively, proximal and distal hubs 452, 454 may be manu-
factured as diflerent components.

Proximal and distal hubs 452, 454 of spring force assem-
bly 450 each include a retainer guide 463 extending radially
outwardly from opposed sides thereof. Each retainer guide
463 defines a trough 464 and includes a shoulder 465
extending into the respective trough 464. Proximal and
distal hubs 452, 454 are oppositely-oriented relative to one
another such that the open ends of the cavities defined
therein face one another and such that the shoulder 465 of
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cach pair of retainer guides 463 of proximal and distal hubs
452, 454 face away from one another.

Proximal hub 452 further includes a transverse slot 466
defined therethrough that 1s configured to receive lock plate
482 of drive rod assembly 480 to fix lock plate 482 and, thus,
a proximal end portion of drive rod 484 relative to proximal
hub 452 (see FIGS. 9 and 11). Once engaged in this manner,
drive rod 484 1s locked 1n position coaxially disposed
through proximal hub 452, distal hub 454, compression
spring 436, and drive gear 430.

Distal hub 454 defines a threaded central bore 468 extend-
ing therethrough. Threaded central bore 468 receives lead
screw 434 of dnive gear 430 therethrough in threaded
engagement therewith such that rotation of lead screw 434
drives translation of distal hub 454 longitudinally along lead
screw 434.

Compression spring 456 1s disposed between proximal
and distal hubs 452, 454 with a proximal portion thereof
disposed within the cavity defined within proximal hub 452
and a distal portion thereof disposed within the cavity
defined within distal hub 462. At least a portion of com-
pression spring 456 1s disposed about and/or configured to
receive a portion of lead screw 434 of drive gear 430
therethrough. Spring washer 438 1s positioned within the
cavity of proximal hub 452 between proximal hub 452 and
compression spring 4356, although other configurations are
also contemplated.

Each guide bar 470 1s slidably received within the troughs
464 of the corresponding pair of retainer guides 463 of
proximal and distal hubs 452, 454. Each guide bar 470
includes a pair of spaced-apart rims 472, 474 engaged
thereon that are configured to abut shoulders 465 of the
respective retainer guides 463, thereby defining a maximum
distance between proximal and distal hubs 452, 454. How-
ever, proximal and/or distal hubs 452, 454 are permitted to
slide along guide bars 470 towards one another, as detailed
below.

Continuing with reference to FIGS. 5-7, drive rod assem-
bly 480 includes lock plate 482 and drive rod 484. Lock
plate 482 defines a central keyhole 485 and a pair of slots
486, ¢.g., arcuate slots, defined on a distal face of lock plate
482 on either side of central keyhole 485. Lock plate 482 1s
configured for insertion through transverse slot 466 of
proximal hub 452 and, once installed therein, portions of
spring washer 458 are configured for receipt within slots 486
to secure lock plate 482 1n engagement within proximal hub
452. Spring washer 438 1s maintained 1n position within
slots 486 under the bias of compression spring 456 which,
at the maximum distance between proximal and distal hubs
452, 454 (as set by rnms 472, 474 of guide bars 470 and
shoulders 465 of retainer guides 463), 1s pre-compressed.

Drive rod 484, as noted above, includes a distal end
portion operably coupled to cam-slot assembly 52 of end
ellector assembly 40 (FIG. 1). Drive rod 484 extends proxi-
mally through shait 30, housing 20, and actuation assembly
100 (see FIGS. 1-3) and 1s engaged within lock plate 482 at
a proximal end portion of drive rod 484. More specifically,
drive rod 484 defines a waist 488 towards the proximal end
thereol that 1s configured to lock in engagement within
central keyhole 485 of lock plate 482, e.g., via longitudinal
translation of drive rod 484 into central keyhole 485 until
waist 488 1s aligned with central keyhole 485, followed by
transverse movement of drive rod 484 relative to lock plate
482, to thereby fix the proximal end portion of drive rod 484
relative to lock plate 482 and, thus, relative to proximal hub
452 due to the engagement of lock plate 482 within proximal

hub 452.
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Referring to FIGS. 8-11, 1n use, jaw members 42, 44 are
iitially disposed 1n the spaced-apart position (FIG. 8) and,
correspondingly, proximal and distal hubs 452, 454 are
disposed 1n a distal-most position such drive rod 484 is
disposed 1n a distal-most position (FIG. 9). Further, 1n this
position, compression spring 4356 1s disposed 1n a least-
compressed condition; although, as noted above, even 1n the
least-compressed condition, compression spring 4356 1s par-
tially compressed due to the retention of compression spring
456 1n a pre-compressed configuration between proximal
and distal hubs 452, 454.

In response to an mnput to close end effector assembly 40,
¢.g., rotational input by the corresponding motor of robotic
surgical system 1000 (FIG. 4) to fourth mnput coupler 140
(FIGS. 5-7), drive shait 410 1s rotated to thereby rotate input
gear 420 which, in turn, rotates drive gear 430 such that
distal hub 454 1s translated proximally towards proximal hub
452 (see FIG. 9). Proximal translation of distal hub 454
urges distal hub 454 against compression spring 436. Ini-
tially, where forces resisting approximation of jaw members
42, 44 are below a threshold corresponding to the spring
value of compression spring 456, the jaw force applied by
jaw members 42, 44 1s relatively low such that the urging of
distal hub 454 proximally against compression spring 456
urges compression spring 456 proximally which, 1 turn,
urges lock plate 482 and, thus, drive rod 484 proximally to
pivot jaw member 42 relative to jaw member 44 from the
spaced-apart position towards the approximated position to
grasp tissue “1T” therebetween (FIGS. 8 and 10).

Upon further approximation of jaw members 42, 44 to
grasp tissue ““1”” therebetween, the forces resisting approxi-
mation ol jaw members 42, 44, e.g., tissue “I” resisting
compression, may reach the threshold and, thus the jaw
force applied by jaw members 42, 44 may reach a corre-
sponding threshold. In order to maintain the jaw force
applied by jaw members 42, 44 within a jaw force range
such as, for example, from about 3 kg/cm” to about 16
kg/cm”, application of further jaw force by jaw members 42,
44 1s inhibited beyond the threshold point despite further
rotational iput to fourth mput coupler 140 (FIGS. 5-7).
More specifically, once the threshold has been reached,
further rotational mput to fourth mput coupler 140 (FIGS.
5-7) rotates drive shait 410, input gear 420, and drive gear
430 to translate distal hub 454 further proximally into
compression spring 456. However, rather than compression
spring 456 urging proximal hub 452 further proximally to
continue approximation of jaw members 42, 44 and increase
the closure force applied therebetween, compression spring
456 1s compressed, enabling proximal hub 452 and, thus,
drive rod 484 to remain in position, thus inhibiting appli-
cation of additional jaw force between jaw members 42, 44
(see FIGS. 10 and 11).

With tissue 1”7 grasped between jaw members 42, 44
under an appropriate jaw force, energy may be supplied to
jaw members 42, 44 to treat, e.g., seal tissue “1.” Thereatfter,
the knife blade (not shown) may be advanced between jaw
members 42, 44 to cut the treated tissue “I,” e.g., by
providing a rotational input to mput coupler 130 (FIG. 6) to
actuate knife drive sub-assembly 300 to translate the knife
tube distally to thereby advance the knife blade (not shown)
between jaw members 42, 44 to cut the treated tissue “1.”
Alternatively, tissue “1”” may be cut without first treating the
tissue ““1”” and/or tissue ““1”” may be treated without subse-
quent cutting.

Once tissue “T” 1s cut, an opposite rotation input 1s
provided to input coupler 130 (FIG. 6) to return the knife
blade (not shown) to 1ts initial position proximally of body
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portions 43b, 456 of jaw members 42, 44 (see FIG. 1).
Thereatter, an opposite mnput 1s provided to input coupler
140 (FIGS. 5-7) to return jaw members 42, 44 back towards
the spaced-apart position to release the sealed and/or cut
tissue.

Referring generally to FIGS. 1-11, as detailed above,
calibration information, setting information, use 1nforma-
tion, and adjustment information, among other information,
are stored 1n the storage device of electronics 92 of instru-
ment 10, 1n robotic surgical system 1000 (FI1G. 4), and/or in
other accessible storage devices. The calibration information
may include an algorithm(s), set point(s), look-up table(s),
machine learning program(s), and/or other information to
ecnable determination of home/initial positions of the various
components of mstrument 10 such as, for example: the open
position of jaw members 42, 44, the retracted position of the
knife blade, the un-articulated configuration of shait 30 and
end effector assembly 40, etc.

The setting information may include, for example, jaw
drive information, €.g., a degree of rotational mput to mput
coupler 140 required to move jaw members 42, 44 from the
open position towards the closed position to grasp tissue “17
between tissue-contacting surfaces 46, 48 and apply a jaw
force or jaw force within a jaw force range thereto; knife
deployment information, e.g., a degree of rotational input to
input coupler 130 required to deploy the knife blade from the
retracted position to an extended position to cut tissue “T7
between tissue-contacting surfaces 46, 48; and/or articula-
tion control information, e.g., a degree of rotational input to
iput couplers 110 and/or 120 required to articulate end
cllector assembly 40 from the un-articulated position to one
or more articulated positions (for example, a maximum
positive yaw position, a maximum negative yaw position, a
maximum positive pitch position, and a maximum negative
pitch position); etc. The setting information may be deter-
mined based on testing during manufacturing (e.g., for each
instrument, each unit of mstruments, or for all instruments),
may be determined via mathematical simulation, utilizing
machine learning, using theoretical formulae, combinations
thereot, etc.

The use information may include, for example, a number

ol connections to a robotic surgical system, elapsed time of

use/connection, elapsed 1dle time, elapsed time of active use,
age (time since manufacture), number of jaw member
approximations, number of energy activations, number and/
or manner of articulations, number of knife blade deploy-
ments, etc. Robotic surgical system 1000 may write and/or

update the use information stored in the storage device 92 of

istrument 10 (and/or elsewhere) periodically, continuously,
upon occurrence of an event, or 1n any other suitable manner.
Some or all of the setting information may be basis
information that can be adjusted periodically, continuously,
upon occurrence of certain events, and/or based on external
inputs (user-provided mput, sensor or other component
teedback, etc.). For example, the basis setting information
may be adjusted, e.g., at robotic surgical system 1000, based
upon one or more current conditions of the nstrument 10
and/or the current use iformation, as indicated by the
adjustment information. The adjustment information for
cach corresponding setting may include an algorithm(s), set
point(s), look-up table(s), machine learning program(s), etc.
The adjustment information may be determined experimen-
tally, via mathematical simulation, utilizing machine learn-
ing, using theoretical formulae, combinations thereof, etc.
By way of example, the jaw drive setting information may

provide basis information indicating that “X” degrees of

rotational input to mput coupler 140 1s required to move jaw
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members 42, 44 from the open position towards the closed
position to grasp tissue ““I”” between tissue-contacting sur-
faces 46, 48 and apply a jaw force or jaw force within a jaw
force range thereto. Thus, 1n the absence of modification to
this jaw drive setting information, upon recerving a signal to
approximate jaw members 42, 44 to grasp tissue between
tissue-contacting surfaces 46, 48 for tissue treatment, e.g.,
sealing, control device 1004 controls the appropriate motor
(s) of robotic surgical system 1000 to impart “X”” degrees of
rotational input to mput coupler 140 such that tissue-con-
tacting surfaces 46, 48 grasp tissue “I” therebetween under
the applied jaw force or jaw force within the jaw force range.

However, 1t has been found that the jaw force or jaw force
range applied 1n response to imput of a set degree of
rotational input to iput coupler 140 may vary over the
usable life of instrument 10 and/or based upon a current
condition of instrument 10, ¢.g., whether end effector assem-
bly 40 1s disposed in an un-articulated position, partially
articulated position, or fully articulated position. The stage
of useable life of mstrument 10 may be determined based
upon some or all of the above-noted use information and
may aflect the jaw force or jaw force range due to, for
example, changes 1n component stiflness/elasticity, estab-
lishment of “memory” positions of components/connec-
tions, changes 1n force transmission across joints/connec-
tions, changes i1n tolerances, changes in {irictional loss,
component wear, component and/or joint/connection degra-
dation, etc. The current condition of mnstrument 10 may be
determined by control device 1004 and/or other components
of robotic surgical system 1000 based upon feedback data,
previous inputs, visual or other tracking information, etc.,
and may aflect the jaw force or jaw force range due to
actuation force changes, actuation distance changes, riction
changes, efc.

In order to account for the above changes, the adjustment
information enables adjustment of the basis jaw drive set-
ting, e.g., “X” degrees, to an adjusted jaw drive setting, e.g.,
“Y”” degrees, based upon the use and/or current condition of
istrument 10 using the algorithm(s), set point(s), look-up
table(s), machine learning program(s), etc. As such, with the
adjusted jaw drive setting information implemented, upon
receiving a signal to approximate jaw members 42, 44 to
grasp tissue between tissue-contacting surfaces 46, 48 for
tissue treatment, e.g., sealing, control device 1004 controls
the appropriate motor(s) of robotic surgical system 1000 to
impart “Y” degrees of rotational input to mput coupler 140
such that tissue-contacting surfaces 46, 48 grasp tissue “1”
therebetween under the applied jaw force or jaw force within
the jaw force range. Thus, the same jaw force or jaw force
range 1s achieved despite changing input requirements.

The present disclosure, however, 1s not limited to adjust-
ing jaw drive setting information for applying jaw force but,
rather, may apply to adjustment of any other suitable setting
information, e.g., knife deployment information, articulation
control information, etc. Further, the present disclose 1s not
limited to instrument 10 but may also apply to any other
suitable surgical instrument. Indeed, the methods provided
in accordance with the present disclosure and detailed below
with reference to FIGS. 12 and 13 may be utilized with
istrument 10 for adjusting jaw drive setting information or
may be utilized with any other suitable mstrument and/or
desired manipulation thereof.

Tumning to FIG. 12, a testing and/or manufacturing
method 1200 1s provided. Although reference 1s made here-
inbelow to a/the “surgical instrument,” it 1s understood that
method 1200 may be performed on one or more surgical
istruments for implementation on one or more groups of
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surgical mstruments. Likewise, although reference herein-
below 1s made to a/the “storage device,” i1t 1s understood that
method 1200 may be performed using various separate
storage media associated with one or more surgical instru-
ments or groups thereof.

Initially, at 1210, a surgical instrument 1s obtained, e.g.,
ofl the manufacturing line, for testing, etc. The surgical
instrument 1s loaded 1nto a test fixture or other suitable test
device and, at 1220, 1s manipulated 1n a particular manner.
The manipulation may 1nclude, for example, approximating
the jaw members from the open position towards the closed
position to achieve a pre-determined jaw force (as measured
by the test fixture) and/or pre-determined gap distance
between the tissue-contacting surfaces thereof, articulating,
the end eflector assembly a pre-determined amount 1n a
pre-determined direction, deploying the knife blade from the
retracted position to the extended position, etc. The input
requirements for achieving the manipulation are recoded at
1230. These input requirements are then stored, at 1240, as
basis information 1n a storage device associated with the
surgical mstrument (e.g., a storage device of the surgical
mstrument or accessible in conjunction with use of the
surgical instrument). The basis information may be the input
requirements themselves (e.g., a required rotational input to
achieve the manipulation), and/or may include information
to enable determination of an mput requirement based
thereon (e.g., a ratio or formula of the effect of a rotational
input towards a desired manipulation to enable use of the
basis information for mampulations of varying degree (par-
tially articulated vs full articulated, for example)).

Adjusting information reflecting the effects of use and/or
condition of the surgical mstrument on the input require-
ments 1s determined at 1250 such as, for example, experi-
mentally, via simulation, obtained from other instruments/
system, or 1 any other suitable manner. This adjusting
information 1s likewise stored in the storage device, at 1260.
Thus, the surgical mstrument 1s equipped with setting infor-
mation as well as information to enable adjustment thereof
based upon use and/or condition of the surgical instrument.
Accordingly, when implemented for use in a surgical pro-
cedure, the stored information can be accessed to enable

accurate manipulation throughout the usetul life of the
instrument and 1n different conditions of the instrument
without requiring user input or mstrument modification.

With reference to FIG. 13, a method 1300 of operating a
surgical system, e€.g., a robotic surgical system, 1s provided.
Initially, at 1310, 1nstructions are received to manipulate a
surgical instrument. The instructions may be user input, e.g.,
via actuation of appropriate mechanical and/or electrical
actuators, User Interface (UI) commands, voice commands,
etc. or automatic, e.g., based upon feedback, sensed condi-
tions, etc. The manipulation may include, for example,
approximating the jaw members from the open position
towards the closed position to apply a jaw force suitable for
tissue treatment and/or achieve a gap distance between the
tissue-contacting surfaces thereof suitable for tissue treat-
ment, articulating the end effector assembly to a desired
position, deploying the knife blade from the retracted posi-
tion to the extended position to cut tissue, etc.

In response to receipt of the instructions, setting infor-
mation associated with the mstructed manipulation 1s deter-
mined at 1320. This setting information may be determined
via accessing such mformation from a storage device asso-
ciated with the surgical instrument or in any other suitable
manner, and may include, for example, a degree of rotational
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input required to achieve the desired manipulation or infor-
mation from which the degree of rotational mput can be
computed, for example.

At 1330, 1t 1s determined whether the setting information
1s basis information of fixed information. If fixed informa-
tion, meaning the setting information i1s not subject to
adjustment, the setting information i1s used to provide a
rotational 1nput to the surgical mstrument to achieve the
instructed manipulation. On the other hand, if the setting
information 1s basis information, meamng the setting infor-
mation 1s subject to adjustment, a use and/or condition of the
surgical instrument 1s determined at 1350 and adjustment
information corresponding to the setting information 1s
determined at 1360. 1350 and 1360 may be performed 1n any
suitable order or simultaneously. The use and/or condition of
the surgical instrument may be determined by accessing
stored information, based upon feedback data, previous
inputs, visual or other tracking information, etc. The adjust-
ment mformation may be determined by accessing stored
information or 1n any other suitable manner.

Based upon the use and/or condition information and the
adjustment information, the setting information 1s adjusted,
il necessary, at 1370. The adjusted setting information 1s
utilized, at 1380 to provide a rotational mnput to the surgical
instrument to achieve the instructed manipulation. Thus,
when an instruction to manipulate the surgical instrument 1s
received, the appropriate rotational (or other suitable mput)
to provide the manipulation 1s determined, thus accounting
for changes of input requirements throughout the useful life
of the mstrument and in different conditions of the instru-
ment and without requiring user mput or instrument modi-
fication.

It should be understood that various aspects disclosed
herein may be combined in different combinations than the
combinations specifically presented hereinabove and 1n the
accompanying drawings. In addition, while certain aspects
of the present disclosure are described as being performed
by a single module or unit for purposes of clarity, 1t should
be understood that the techniques of this disclosure may be
performed by a combination of units or modules associated
with, for example, a surgical system.

In one or more examples, the described techniques may be
implemented 1n hardware, software, firmware, or any com-
bination thereof. If implemented 1n software, the functions
may be stored as one or more instructions or code on a
computer-readable medium and executed by a hardware-
based processing unit. Computer-readable media may
include non-transitory computer-readable media, which cor-
responds to a tangible medium such as data storage media
(e.g., RAM, ROM, EEPROM, flash memory, or any other
medium that can be used to store desired program code in
the form of instructions or data structures and that can be
accessed by a computer).

Instructions may be executed by one or more processors,
such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific inte-
grated circuits (ASICs), field programmable logic arrays
(FPGAs), or other equivalent integrated or discrete logic
circuitry. Accordingly, the term “processor” as used herein
may refer to any of the foregoing structures or any other
physical structure suitable for implementation of the
described techniques. Also, the techniques could be fully
implemented 1n one or more circuits or logic elements.

While several embodiments of the disclosure have been
shown 1n the drawings, 1t 1s not intended that the disclosure
be limited thereto, as it 1s intended that the disclosure be as
broad 1n scope as the art will allow and that the specification
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be read likewise. Therefore, the above description should
not be construed as limiting, but merely as exemplifications
of particular embodiments. Those skilled in the art will
envision other modifications within the scope and spirit of
the claims appended hereto.

What 1s claimed 1s:
1. A method, comprising:
receiving an instruction to manipulate a surgical nstru-
ment,
determining setting 1nformation associated with the
instructed mampulation;
determining adjustment information corresponding to the
setting information, the adjustment information being
correlated with use information including at least one
of amount of time or number of events;
adjusting the setting information using the adjustment
information; and
providing an input to the surgical mstrument based upon
the adjusted setting information to achieve the
instructed manipulation.
2. The method according to claim 1, where 1n the adjust-
ment information further includes condition information.
3. The method according to claim 2, wherein the condition
information includes at least one of a presence of articula-
tion or an amount of articulation.
4. The method according to claim 1, further comprising:
receiving a second instruction to manipulate the surgical
instrument;
determining second setting information associated with
the second 1nstructed manipulation; and
providing a second input to the surgical instrument based
on the second setting information to achieve the second
instructed manipulation.
5. The method according to claim 4, wherein the second
setting information 1s unadjusted setting information.
6. A surgical system, comprising;:
at least one input coupler configured to receive an mnput;
an end eflector assembly;
an actuation assembly operably coupled between the at
least one mput coupler and the end eflector assembly
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such that, 1n response receipt of the input by the at least
one 1nput coupler, the end eflector assembly 1s manipu-
lated; and
a storage device storing setting information and adjust-
ment information, the setting information enabling
determination of a first input to the at least one input
coupler to achieve a desired manipulation of the end
cllector assembly, the adjustment information enabling,
djustment of the setting information for determination
of a second mput, different from the first iput, to the
at least one iput coupler to achieve the desired
mampulation of the end eflector assembly,
wherein the adjustment information 1s correlated with use
information icluding at least one of an amount of time
or a number of events.
7. The surgical system according to claim 6, wherein the
storage device stores the use information.
8. The surgical system according to claim 6, wherein the

adjustment information 1s further correlated with condition
information.

9. The surgical system according to claim 8, wherein the
condition information includes at least one of a presence of
articulation or an amount of articulation.

10. The surgical system according to claim 6, wherein the
at least one mput coupler 1s configured to receive a rotational
input as the mput and to rotate in response thereto.

11. The surgical system according to claim 6, further
comprising at least one motor configured to provide the
input to the at least one mput coupler.

12. The surgical system according to claim 11, further
comprising a control device configured to access the setting
information and the adjustment information and control the
motor based thereon to provide the first input or the second
input to achieve the desired manipulation.

13. The surgical system according to claim 12, wherein
the control device 1s further configured to access at least one
ol use mnformation or condition information and to control
the motor based on the setting information, the adjustment
information, and the at least one of the use information or
condition information to provide the first input or the second
iput to achieve the desired manipulation.
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